Variations in immission fields resulting from emissions and pollutant dispersion in the atmosphere were investigated. The analysis was based on data from the four-year period covering the years 2012-2015, collected in two automatic atmospheric air monitoring stations, one located in Germany in Magdeburg which is the capital of Saxony-Anhalt and the other in Poland in Lodz, i.e. the seat of Lodz Region authorities. Selected immission monitoring stations in both cities are located in the areas with similar urban development and are characterized by high levels of pedestrian and car traffic. In both measuring stations the following atmospheric air pollutants were measured: PM10, sulfur dioxide, nitrogen oxide and nitrogen dioxide, and ozone (carbon monoxide was analyzed only for the station located in Lodz). On the basis of the measured data the periodic exceedance of air pollution limit values measured at both monitoring stations were observed, as well as the levels of particular pollutants and changes in immission fields were analyzed. It seems that this information may be useful not only to the competent authorities of the country but also to the users of these areas.
Introduction
As a result of emission processes and subsequent dispersion in the atmosphere, a specific distribution of pollutant concentrations is formed on the earth surface. The immission level is estimated at a given point and time, and all immission measurements are reported as pollutant concentrations, averaged over appropriate time periods, and are used to determine the quality of atmospheric air. Therefore, any analysis of changes in the field of pollutant immission in a given area may be useful in monitoring the atmosphere and should be periodically or continuously carried out and continually improved. Monitoring of the atmosphere is based on the recording of physical and chemical characteristics of the atmosphere, significant from the health and economic point of view, and should be implemented on a regular and continuous basis [1] [2] [3] [4] .
It should be remembered that the monitoring of physical characteristics of the atmosphere was developed only in the 19 th century and was based on the measurement of pressure, temperature, humidity, wind speed and direction. Its aim was to track the weather and predict its changes [5, 6] . On the other hand, monitoring of atmospheric pollution with harmful substances has developed only in the second half of the 20 th century and is now called air quality monitoring. This monitoring helps to plan rational measures of air pollution prevention and to assess the impact of the actions taken [7] [8] [9] [10] . This is particularly important because of the high impact of energy industry impact, which emits enormous amounts of pollutants as a result of burning fossil fuels [11] [12] [13] and due to the ever-increasing number of motor vehicles, with limited road infrastructure. In addition, the variability of air pollution in time and space is especially visible in large cities and traffic junctions [14] [15] [16] . According to [17] , this variability is determined by changes in the amount of pollutant emissions and changes in the conditions in which these pollutants are dispersed in the atmosphere, and the dispersion dynamics is shaped by the variability of meteorological conditions, atmospheric circulation and the vertical gradient of air temperature. At the same time, it should be borne in mind that the level of air pollutants depends both on the variable economic activity as well as on the daily, weekly, monthly and seasonal changes in emissions to the atmosphere [18] [19] [20] .
The scale of the problem is best illustrated by the reports published by the European Environment Agency (EEA), which show that both Germany and Poland (together with England) generate the highest NO x emissions from large combustion plants. The emissions from Germany are largely in line with IED ELV, with the minimum emission limit values in accordance with the 2010/75/EU Directive [21] . On the other hand, according to IED ELV Poland, next to Greece, Spain and Great Britain, still has the highest absolute NO x differences calculated in Mg (tonnes), and in the case of sulfur dioxide and particulate matter Poland is among countries emitting the highest amounts of these pollutants [22] .
In addition, in large cities, traffic is a major source of atmospheric pollution, which may cause an increase in emissions in some areas of the city, e.g. CO by 70-90 %, and NO x by 23 %. This is due to the ever-increasing volume of traffic that results in traffic jams which increase vehicle emissions (carbon monoxide, nitric oxide, hydrocarbons, lead compounds and soot). This is especially dangerous in the areas where building conditions prevent the spread of pollutants [23] .
According to a report of the European Environment Agency (EEA) [24] of 2013, emissions of major pollutants in Europe between 2002 and 2011 have decreased, resulting in improved air quality throughout the Union. In certain sectors, there is some increase in emissions, for instance suspended particulate matter in fuel combustion in the commercial, institutional and household sectors, which increased by about 7 %. On the other hand, in the case of SO 2 , CO and Pb emissions, a significant reduction was observed which unfortunately did not translate into a decrease in the concentration of these pollutants in the atmosphere as well as PM and O 3 . , vary in size and number of inhabitants, they are exposed to similar phenomena affecting the quality of atmospheric air (both cities are important junctions for road and rail transport).
Characteristic of the tested area
This analysis was based on data from the four-year period covering the years 2012-2015, obtained from two automatic atmospheric air monitoring stations located in Lodz, Poland (Fig. 1) which is the seat of Lodz Region authorities, and in Magdeburg, Germany (Fig. 2) which is the capital of Saxony-Anhalt.
In Poland air quality is controlled within the regional air quality assessment systems, which are supervised by the Regional Inspectorates for Environmental Protection. In Germany, the air monitoring network is run and controlled by the German Federal Environment Agency which collects information from each network in the respective federal states. The measuring station in Lodz, Poland is located at 16, Gdanska Str. (Fig. 3) . It is equipped with analyzers for continuous measurement of such pollutants as PM10, SO 2 , NO, NO 2 , O 3 and CO and benzene, NO x and PM2.5 (the last three are not subject to the following analysis). All measurements are based on reference methods recognized by the European Commission [27]: -for PM10 this is the weakening of beta radiation (the method equivalent to the reference method); -for SO 2 In Magdeburg, Germany, the measuring station is located at Hans-Loscher-Strasse 30 ( Fig. 4) and similarly as in Lodz, the analyzers measure (based on the same reference methods) the following pollutants: PM10, SO 2 , NO and NO 2 , O 3 (due to the low CO concentration its level has not been measured) and benzene, toluene, xylene and PM2.5 (the last four are not subject to the following analysis). 
Results and discussion
Selected monitoring stations in both cities are located in the areas with similar urban development and are characterized by high levels of pedestrian and car traffic. At both measuring stations, the following atmospheric air pollutants were measured: PM10 (Fig. 5) , O 3 (Fig. 6), SO 2 (Fig. 7) , NO (Fig. 8) and NO 2 (Fig. 9) , and additionally CO was analyzed only for the station located in Lodz (Fig. 10) . In addition, based on data from the Lodz station, the mean CO concentration was calculated to be 577.0 μg/m 3 and its year-on-year decrease by 6.33, 0.92 and 6.82 %, was reported, while in Magdeburg due to the low level of pollution in the analyzed period, its monitoring was abandoned.
Conclusions
On the basis of the measurements, periodic exceedance of atmospheric air pollutants measured at both stations was detected, and trends in the levels of particular pollutants as well as changes in imission fields were observed. It seems that this information may be useful not only to the competent authorities, but also to users of those areas.
In both cities the permissible values were exceeded first of all in the case of PM10 and occasionally for O 3 . There were also days in which concentrations were approaching the permissible level.
At the same time it should be emphasized that changes observed in the average concentration levels of particular pollutants are not significantly different from the country-specific trend observed for European air quality [33] . Comparing the levels of particular pollutants it can be found that in the measuring station in Lodz the concentrations are higher than in Magdeburg, and thus: PM10 (by 1.70), SO 2 (by 7.34), NO (by 1.5), and NO 2 (by 1.33). The average level of O 3 in the analyzed period is the same for both cities, i.e. 47.5 µg/m 3 . Additionally, the average CO concentration equal to 577.0 µg/m 3 was also analyzed in Lodz. It systematically decreased every year by 4.69 % on average.
Despite the many similarities between the analyzed cities, their geographical location and, above all, climatic conditions are different. Magdeburg is located in the North German Lowland (average height 40.6-123.8 m above sea level), while Lodz is located in the center of the Highlands of Lodz (average height 163.6-284.1 m above sea level). Although the wind rose for both cities is very similar, there are considerable differences in the average air temperature in individual months of the year and air humidity, despite similar average annual values. In Magdeburg, winters are definitely milder than in Lodz, while the period of high temperatures lasts longer in the summer. The sum of atmospheric precipitation is definitely (by approx. 100 mm) higher in Lodz than in Magdeburg with the observed maximum in the month of July. This, of course, favors the self-cleaning of air from gaseous and dust pollutants. Climate differences may also be due to the location of Magdeburg on one of the largest European rivers -the Elbe, and in Lodz, despite the inventory of the presence of 19 rivers and smaller watercourses, their impact (due to their size) on the city's climate is negligible. In contrast, insolation, with a similar number of sunny days per year, is more evenly distributed in Magdeburg between 12 months of the year. In Lodz, there is a clear accumulation in summer, with much less sunshine in the winter.
However, it is worth emphasizing that the trends of seasonal changes in air pollution in both cities described in this paper are similar, while individual differences are most likely the result of differences in geographical location and in prevailing meteorological conditions. Changes observed in air quality can be related both to the development of local and global industry and to services and trade, to changes in the heat supply system, and to changes in the so-called 'urban fabric of the city', which in recent years has changed for a variety of reasons in both analyzed cities.
In addition, such analyzes may also be useful for modeling the spread of pollutants in the air as they help to identify future sources of pollutant emissions, minimize the impact of pollutants on the environment, and may be helpful in planning urban development and protection zones.
